Abstract: Molecular weights of the skeletal muscle myosin, actin, troponin C and tropomyosin were compared in two frog species, Hyla japonica and Xenopus tropicalis, by SDS-PAGE and Western blot. Polyclonal antibody was produced using H. japonica skeletal muscle as the antigen. Polyclonal antibodies to nematode (Caenorhabditis elegans), mold slime (Physarum polycephalum), crab (Pagurus japonicus) and chicken skeletal muscle were also used. In H. japonica, the molecular weights of skeletal myosin, actin, troponin C and tropomyosin were 230, 42, 19 and 38 kDa, respectively, by using anti-C. elegans paramyosin, anti-P. polycephalum actin, anti-crab troponin C and anti-chicken gizzard tropomyosin antibodies. Molecular weights of the same proteins in X. tropicalis detected by the same antibodies were 230, 43, 20 and 40 kDa, respectively. In total, 29 protein bands were detected in H. japonica skeletal muscle and 24 bands in X. tropicalis by SDS-PAGE. The results revealed interspecific differences in molecular weights of selected skeletal muscle proteins and in the total skeletal muscle protein profiles between the two frog species.
Introduction
In the last decades a number of researchers investigated interspecific differences in various animals using serum proteins (Goto et al. 1982; Ingram & Al-Yaman 1988; Wang & Jia 1988; Billing et al. 1990; Nilson et al. 1993; Tosunoglu 1996; Tosunoglu & Taşkavak 2001) . In a study related to Turkish populations of the frog Bombina bombina bombina (L., 1761) and Bombina bombina arifiyensis (Ozeti et Yilmaz, 1987) , two subspecies of Bombina bombina (L., 1761), it was found that the subspecies differ in globulin serum protein fractions (Ozeti & Arikan 1989) . On the other hand, no differences were reported among three populations of mountain frogs living at different longitudes in Turkey (Arikan et al. 2001) .
Furthermore, ten different species of Japanese amphibians were investigated by means of immunoelectrophoretic analysis of liver extracts to perform a study in animal taxonomy (Terasaki 1978) . It was found that Japanese pond frogs Rana nigramaculata (Hallowell, 1861) and R. brevipoda (Ito, 1941) had specific antigens. To investigate interspecific heterogeneity, Hasnain et al. (2005) analyzed soluble proteins of skeletal muscles of four fish species of the genus Channa by native and SDS-PAGE and found taxonomical differences.
A detailed and systematic study of skeletal fiber types in Rana and Xenopus limb muscle, using myosin isoform-based criteria, was performed by Rowlerson & Spurway (1988) . Limb muscle differences were also studied in Xenopus laevis (Daudin, 1802) (Lannergren 1979) . These data provided strong evidence that the different fiber types in Rana and Xenopus limb muscle contained different MHC isoforms.
In a different approach of observing phylogenetic relationships among amphibians we studied skeletal muscle differences in two frog species. The purposes of the present study were (i) to compare molecular weights of selected skeletal muscle proteins (myosin, actin, troponin C and tropomyosin) in Hyla japonica (Günther, 1859) and Xenopus tropicalis (Gray, 1864), and (ii) to assess whether skeletal muscle differences revealed by SDS-PAGE and Western blot analyses could be useful in taxonomical studies.
Material and methods

Antibody preparation
Polyclonal antibody was prepared in an adult rabbit using total skeletal muscle protein sample from one male Hyla japonica individual as an antigen. For immunization, 1 g of skeletal muscle from the hind limb of the frog was ground in liquid nitrogen. Then 1.5 ml of 1X PBS (pH 7.3) and the same volume of Freud's Adjuvant were added and sonicated prior to injection. Repeated immunization (three doses; second immunization was performed after 30 days and final immunization 15 days after the second immunization).
To detect actin, tropomyosin and troponin C proteins in the two frog species, anti-mold slime (Physarum polycephalum) (Schwein, 1822) actin, anti-chicken gizzard tropomyosin and anti-crab (Pagurus japonicus) (Stimpson, 1858) troponin C were used. These antibodies were prepared by Dr. Katsuhiko Owaribe at Nagoya University. AntiCaenorhabditis elegans (Maupas, 1900) paramyosin produced by Kagawa et al. (1989) was used to detect myosin in the frogs.
SDS-PAGE and Western blot (WB)
Skeletal muscle proteins from one male specimen of each species, Hyla japonica and Xenopus tropicalis, and as a control whole muscle proteins from the nematode C. elegans, were analyzed by SDS-PAGE. Samples for SDS-PAGE were obtained by grinding whole and skeletal muscles in liquid nitrogen and by adding 2X Laemmli sample buffer. The SDS-PAGE 99 program was used for boiling. The DAIICHI II molecular weight marker was used. For SDS-PAGE, 1.85 µg protein in each 1 µl sample was applied to the well of a minigel (8.3 × 7.3 cm); 12% (w/v) resolving gels and 5% (w/v) stacking gels were used. Coomassie Brilliant Blue (CBB) was used to stain the gels.
For WB total protein extracts of C. elegans and frog muscle protein samples were separated by SDS-PAGE as described above and then transferred to a nylon membrane (Amersham) in a wet blotting apparatus. Membranes were blocked in blocking buffer (TBS containing 5% skimmed milk) at 37
• C for 1 h and then washed in washing buffer (TBS containing 0.1% Tween 20). The antibody prepared against H. japonica skeletal muscle proteins and the other antibodies (anti-myosin, anti-tropomyosin, anti-actin and anti-troponin C) were used to probe the membranes. The antibodies were diluted 1 : 5000 in blocking buffer and membranes were incubated in the primary antibodies. After washing for 30 min in washing buffer membranes were incubated in secondary antibody (goat anti-rabbit IgG-Hrp conjugate, 1 : 5000 dilution in blocking buffer) for 30 min. Immunodetection was performed by the ECL system (Amersham International plc) following manufacturer's instructions (Anyanful et al. 2001) . 
Results
In total 29 skeletal muscle protein bands were revealed in H. japonica and 24 protein bands in X. tropicalis by SDS-PAGE (Figs 1-3) .
Total proteins of Caenorhabditis elegans and skeletal muscle proteins of X. tropicalis and H. japonica were probed against anti-C. elegans-paramyosin and 230 kDa molecular weight (MW) for myosin and 100 kDa MW for paramyosin were detected in C. elegans and both frogs (Fig. 4) . MWs of tropomyosin, actin and troponin C are species-specific in X. tropicalis and H. japonica ( Figs 5A-C) . MWs of the skeletal muscle protein bands are given in Table 1 . By using the polyclonal antibody, produced in rabbit using H. japonica skeletal muscle, the same number of protein bands were detected in X. tropicalis and H. japonica (Fig. 5D ).
Discussion
By comparing molecular weights of selected skeletal muscle proteins in two amphibian species, interspecific differences were revealed. Molecular weights (MW) of actin were 42 kDa in Xenopus tropicalis and 43 kDa in Hyla japonica. Similarly, MW of actin was 43 kDa in skeletal muscle of Rana temporaria (L., 1758). MW of myosin was 200 kDa in Rana pipiens (Schreber, 1782) (Buschman et al. 1997) while it was 230 kDa in H. japonica and X. tropicalis in our study. In the present study, MWs of troponin C were 20 and 19 kDa in H. japonica and X. tropicalis, respectively, while MW of troponin C fiber was 20.6 kDa in R. pipiens skeletal muscle (Lutz et al. 2001) . MWs of tropomyosin were 40 kDa and 38 kDa in H. japonica and X. tropicalis, respectively, while in R. temporaria it was 32.6 kDa (Oharo et al. 1989) .
Apart from WB, the results obtained from SDS-PAGE confirmed that X. tropicalis and H. japonica have a different number of total skeletal muscle protein bands. In total, H. japonica has 29 while X. tropicalis has 24 bands. Similar characterization was performed to investigate the sub-specific status of the green toad Bufo viridis Laurenti, 1768 in Turkey (Bulbul & Kutrup 2007) and the total number of the skeletal muscle proteins was found to be different between two green toad groups. Additionally, SDS-PAGE was also employed for determination of soluble muscle proteins from four fish species (Hasnain et al. 2005 ) and 16 protein bands, each with characteristic electrophoretic mobility, were found to be characteristic of Channa gachua (Hamilton, 1822) and Channa striatus (Bloch, 1793) while 10 and 15 bands were detected in C. marulius (Hamilton, 1822) and C. punctatus (Bloch, 1793), respectively. According to these findings relative electrophoretic mobility of individual protein bands within a species was diagnostic and SDS-PAGE could be a useful tool for understanding of systematic relations. This is in accordance with the suggestion of a previous study (Rowlerson & Spurway 1988) showing that the different fiber types in Rana and Xenopus limb muscle contained different MHC isoforms.
Although data on comparison of the molecular weights of skeletal muscle bands among different species are scarce, results of the present study shows for the first time differences in molecular weights of four selected skeletal muscle proteins (myosin, tropomyosin, actin and troponin C) in two frog species. The present study would be more comprehensible by combining results of protein analysis with, e.g., DNA sequence data to identify uncertain species or subspecies. After defining the different skeletal muscle protein bands, the DNA sequences of the genes encoding these proteins could be investigated and differences among the species or subspecies could be determined. 
